Extra-adrenal paraganglioma has never been described in the extremities. A 34-year-old woman complained of an enlarging mass in the right forearm for 18 months. Imaging showed a circumscribed vascular tumor attached to the ulnar nerve; biopsy revealed features of paraganglioma. The resected tumor consisted of zellballen pattern of chief cells staining positively for chromogranin with surrounding S100-positive sustentacular cells. The chief cells contained many neurosecretory granules and mitochondria, whereas the sustentacular cells contained a large amount of rough endoplasmic reticulum and some microfilaments. There was adjacent extensive glomus cell hyperplasia and tumorlet formation. The intraoperative blood pressure dropped abruptly on tumor removal. The serum normetanephrine level decreased from a preoperative level of 1987 pg/mL (normal < 149 pg/mL) to normal after operation. The patient admitted on questioning to a history of paroxysmal attacks of transient palpitation, hand tremors, and sweating; imaging showed no evidence of tumor in other parts of the body, and there was no family history of similar tumor; she remained well 33 months after the operation. This occurrence of functional ulnar nerve paraganglioma with the hitherto undescribed associated glomus cell hyperplasia and tumorlet formation attests to the probable existence of normal sympathetic paraganglia in the extremity and their intimate functional relationship with glomus bodies.
Introduction
Paragangliomas are tumors of neural crest origin arising from paraganglia, which are related to segmental autonomic ganglia and show diverse functional activities. 1 For instance, the carotid and aortic body paraganglia function as chemoreceptors for detecting changes in pH and oxygen tension, whereas the adrenal medulla acts as the main neuroendocrine organ in the elaboration of epinephrine and norepinephrine. In addition, paraganglia are usually segregated into the adrenal and extra-adrenal group. The former refers to the adrenal medulla, whereas the later can be subdivided further into 3 groups according to Glenner and Grimley. 2 The branchiomeric ones such as the orbital, jugulotympanic, intercarotid, and laryngeal paraganglia are associated with arteries and cranial nerves of the head and neck; the intravagal paraganglia in the perineurium of the vagus nerve; and the aorticosympathetic ones related to the sympathetic nervous system, especially at the aortic bifurcation but also along the iliac and femoral vessels. Histologically, paraganglia are characterized by small cohesive nests of polygonal cells (zellballen) with surrounding sustentacular cells. In general, paragangliomas arising from the first 2 extra-adrenal parasympathetic groups are usually chromaffin negative and nonfunctional, whereas adrenal and aorticopulmonary paragangliomas are chromaffin positive and functional. Paragangliomas have also been described in various organs, including the orbit, 3 gallbladder, 4 kidney, 5 lung, 6 pancreas, 7 and heart. 8 However, there has been no convincing report of the existence of paraganglioma in the extremities, and Weiss and Goldblum 1 rightly pointed out that reported cases as such seem in reality to be alveolar soft-part sarcoma, with a highly aggressive clinical course. [9] [10] [11] [12] In this article, we report the first case of functional paraganglioma attaching to the ulnar nerve of the forearm with clinical, histopathological, ultrastructural, immunohistochemical, and biochemical documentation. In addition, it is associated with adjacent glomus cell hyperplasia to the degree of focal tumorlet formation, a phenomenon that remains heretofore undescribed. The clinical and pathophysiological implications of such unique findings are discussed.
Clinical History
A 34-year-old lady noticed a slowly enlarging mass in the right forearm for the past 1½ years. It was not painful but had substantially increased in size in the recent 6 months, associated with a mild degree of numbness over the medial aspect of the right distal forearm. She was referred to the specialist outpatient clinic of Prince of Wales Hospital. There was no complaint other than the mass and numbness. Physical examination showed a well-defined and freely mobile firm subcutaneous mass in the ulnar aspect of the right distal forearm around 3 × 4 × 7 cm 3 . The mobility of the mass slightly diminished with contraction of the flexor carpi ulnaris muscle. The motor function of the right ulnar nerve was intact, but the Tinel's sign was positive, and in view of the associated numbness, it signified possible attachment of the mass to the ulnar nerve. Ellen's test for radial and ulnar artery patency indicated good circulation. There was no atrophy of the intrinsic hand muscles. Because the symptoms were mild, electromyography and nerve conduction studies were considered unnecessary.
Ultrasonography revealed a well-defined hypervascular tumor lying between the flexor digitorum profundus and superficialis, pronator quadratus and flexor carpi ulnaris muscles. Laterally, it abutted onto and became inseparable from the ulnar nerve. The ulnar vessels proximal to the mass were engorged. Magnetic resonance imaging (MRI) showed that it measured 2.0 × 3.7 × 6.8 cm 3 , with long axis in line along the forearm, and appeared slightly hyperintense with respect to skeletal muscle in the T1-weighted images ( Figure 1A ) and heterogeneously T2 hyperintense ( Figure 1B) , with prominent internal vascularity. It demonstrated strong but slightly heterogeneous contrast enhancement ( Figure 1B ). There was no muscle or bone invasion and no periosteal reaction. The features were suggestive of a nerve sheath tumor. Needle biopsy of the tumor was performed; the histopathological features were those of paraganglioma. The patient was scheduled for excision of the mass under regional anesthesia.
During the operation, it was found that the tumor was well encapsulated, intimately surrounded by many abnormal dilated blood vessels arising from the ulnar vessels, abutting closely onto the right ulnar nerve ( Figure 1C ). After ligation of the abnormal branches of the ulnar vessels, the tumor was completely excised together with some inseparable sensory branches of the ulnar nerve that remained attached to it. The patient made an uneventful recovery with gradual improvement and final resolution of the numbness, intact ulnar nerve motor function, and good right hand circulation.
After the diagnosis of paraganglioma was established, the patient admitted on specific questioning to a history of unprovoked paroxysmal and spontaneously resolving episodes of transient headache, dizziness, and palpitation associated with sweating and hand tremors in the past 1½ years. Each episode lasted for 1 to 2 minutes and was, thus, ignored by the patient. She never experienced such attacks after the operation. The blood pressure on admission was 155/100 mm Hg and 100/60 mm Hg on discharge. Ultrasound examination of the neck and abdominal MRI during follow-up showed no abnormal mass in the carotid bifurcation, adrenal gland, and retroperitoneal region. Both kidneys were normal. She remained well 33 months after the operation.
There was no family history of similar tumor or other tumor syndromes, notably neurofibromatosis type 1 (NF1), multiple endocrine neoplasia type 2 (MEN2), and von Hippel-Lindau (VHL) syndrome.
Materials and Method
The biopsy tissues were fixed in 10% buffered formalin and processed for routine histological analyses. For immunohistochemical studies, the avidin-biotin complex was used as the detection system. Microwave antigen retrieval was performed prior to applying the primary antibodies. Automated immunostaining using the Ventana Ultraview detection kit and Benchmark XT staining system was used. Ultrastructural examination was performed on freshly obtained resected tumor tissue fixed in 4% paraformaldehyde 1% glutaraldehyde in a 0.1M phosphate buffer pH 7.3 and processed in the usual manner.
Genetic testing for succinate dehydrogenase (SDH) subunits B, C, and D mutation was performed using EDTA blood.
Result

Histopathological Features of the Biopsy
The biopsy yielded 3 cores of 1.3-to 1.7-cm tan tumor tissue showing fairly uniform histological appearance, consisting of clusters of polygonal cells arranged in small nodular, trabecular, and occasionally glandular pattern, supported in a richly vascular network ( Figure 2A ). The tumor cells possessed central nuclei; many of them showed stippled nuclear chromatin, and moderate amount of granular eosinophilic cytoplasm ( Figure 2A ). Some of them exhibited moderate nuclear pleomorphism but mitotic figure and necrosis were not seen. PAS and PASD revealed scanty glycogen granules and no cytoplasmic crystalline structure or pigments. The features were suggestive of a neuroendocrine tumor, including paraganglioma.
Immunohistochemical Findings
The tumor cells showed diffuse and intense positive staining for synaptophysin and chromogranin ( Figure 2B ) but negative staining for TFE3, PAX 8, RCC, HMB45, Melan A, EMA, AE1/3, CAM5.2, desmin, caldesmon, myogenin, actin, and SMA. Notably, S100 and CD34 highlighted the surrounding sustentacular and endothelial cells, respectively, whereas the tumor cells showed negative staining ( Figures 2C and 2D ). Ki 67 revealed 2% nuclear staining. The diagnosis of paraganglioma was, thus, established.
Gross and Microscopic Pathology of the Resected Tumor
The resected tumor appeared multilobulated and well circumscribed, 2.5 × 3.5 × 6.5 cm 3 in maximal dimension. It was thinly encapsulated and many engorged blood vessels were seen on the surface. Its cut surface showed lobulated light tan to pink firm tissue, with focal dark brown areas ( Figure 3A ). The histopathological features of the tumor were exactly similar to those in the biopsy, apart from the additional finding of extensive glomus cell hyperplasia to the degree of tumorlet formation in an adjacent fibrofatty tissue that measured 2.8 × 1.3 × 1.1 cm 3 . In that area, there were many (more than 7) separate and well-circumscribed discrete microscopic foci of arborizing vascular network, where the capillaries were surrounded by sleeves or cuffs of concentric layers of regular cuboidal to plump spindle cells ( Figures 3B and 3C ). The cells possessed central round nuclei and small to moderate amount of eosinophilic cytoplasm ( Figures 3D and 3E ). These cells focally formed large nodular aggregates, giving an appearance of multifocal tumorlet formation ( Figure 3D ). No infiltrative pattern was detected. These tumor cells, in contrast to those of the paraganglioma, showed diffuse and intense positive staining for actin ( Figure 3F ) and SMA but negative staining for synaptophysin and chromogranin ( Figure 2G ), TFE3, PAX 8, RCC, HMB45, Melan A, S100, EMA, AE1/3, CAM5.2, desmin, caldesmon, myogenin, and CD34.
Ultrastructural Features
Ultrastructural examination showed features characteristic of paraganglioma in which compact nests or clusters of chief (neuroendocrine) cells were surrounded by the flattened and elongated cell processes of sustentacular cells; both of them were enclosed by basal lamina ( Figure 4A ). In their peripheries were rich networks of capillaries containing red blood cells ( Figure 4A ). The chief cells contained variable but often many neurosecretory granules and mitochondria ( Figures 4A and 4B) . The sustentacular cells were mostly spindle shaped, with attenuated slender cytoplasmic processes that interdigitated with one another at the peripheries of adjacent clusters of chief cells. They lacked dense core neurosecretory granules but contained a large amount of rough endoplasmic reticulum and some microfilaments ( Figures 4A and 4C) .
Intraoperative Blood Pressure Chart, and Biochemical and Genetic Studies
The intraoperative blood pressure chart showed abrupt and substantial drop in blood pressure on surgical removal of the paraganglioma, signifying elimination of the main source of ectopic catecholamine ( Figure 4D ). The plasma levels of metanephrine, normetanephrine, and total metanephrine in relationship to the operative removal of the paraganglioma are summarized in table form and depicted graphically ( Figure 4E ). Notably, the normetanephrine level was markedly elevated at 1987 pg/mL (normal < 149 pg/mL) 1 day before, drastically decreased to 1498 pg/mL immediately after the operation, and then returned to 71 pg/mL 23 days later. The plasma metanephrine level on the other hand remained within normal range all the time ( Figure 4E ).
The coding exons and flanking introns of the SDH subunit B, C, and D genes were sequenced by the Sanger method, and no mutation was detected. The analysis results showed no mutation and were not supportive of hereditary paraganglioma associated with these genes.
Final Diagnosis
The collective clinical, radiological, gross, histopathological, immunohistochemical, ultrastructural, and biochemical features confirmed the diagnosis of a functional ulnar nerve paraganglioma with extensive surrounding glomus cell hyperplasia and tumorlet formation.
Discussion
Despite such claims early in the literature, 9-12 the existence of paraganglioma in the extremities remains controversial. All these purported cases are reported in the era before the widespread use of electron microscopy, availability of accurate hormone assay, and immunohistochemical staining techniques. The diagnosis is based merely on morphological assessment without appropriate ancillary tests. The validity of such diagnoses is thus seriously doubted not only by current authorities such as Weiss and Goldblum 1 but also their contemporaries. 13, 14 We agree fully with Weiss and Goldblum that their histological illustrations and highly aggressive clinical course resemble those of alveolar soft-part sarcoma rather than paraganglioma. Moreover, it is important to note that at that time, the term nonchromaffin malignant paraganglioma was taken as synonymous with alveolar soft-tissue sarcoma or malignant granular myoblastoma, as reflected in the title of the German article by Brunck. 15 However, Christopherson et al 13 still maintained that "paraganglionic tissue was not found in the extremities" and proposed the noncommittal term "alveolar soft part sarcoma" for the designation of this group of "non-chromaffin malignant paraganglioma." 13 Likewise, Karnauchow 14 also failed to reveal nonchromaffin paraganglia in the lower limbs after a systemic microscopic search in autopsies of 4 adults, 2 children, 27 infants, 5 fetuses, and 1 adult rhesus monkey.
14 From all the above analyses, one would concur with Weiss that no genuine paraganglioma has ever been described.
As in any unusual circumstances, [16] [17] [18] we have been careful in correlating all clinical, radiological, pathological, and biochemical features and excluding every possible differential diagnoses before accepting the present case as a bona fide functional ulnar nerve paraganglioma. The positive Tinel's sign, the ultrasonographic, MRI, and operative findings all confirm that it is a highly vascular tumor attached to the ulnar nerve, some branches of which are inseparable from the tumor. The uniform histological zellballen pattern of polygonal granular eosinophilic chief cells staining positively for chromogranin and synaptophysin, with surrounding sustentacular cells highlighted by S100, and richly vascular stromal network are pathognomonic of paraganglioma. The diagnosis is further confirmed by the characteristic ultrastructure of numerous neurosecretory granules and mitochondria in the chief cells and plenty of rough endoplasmic reticulum and some microfilaments in the spindle sustentacular cells bearing slender cytoplasmic processes.
The differential diagnoses of paraganglioma are neuroendocrine tumor, alveolar soft-part sarcoma, malignant melanoma, perivascular epithelioid cell tumors, and metastatic carcinoma, notably renal cell carcinoma. In contrast to paraganglioma, neuroendocrine tumors are positive for cytokeratin staining and sustentacular cells are absent; alveolar soft-part sarcoma shows positive staining for TFE3 and variable staining for desmin but negative staining for synaptophysin and chromogranin; and on electron microscopy, there are characteristic rhomboid, rod-shaped, or spicular crystals with a regular lattice pattern rather than neurosecretory granules or sustentacular cells. The negative staining for S100, HMB45, and melanin exclude the diagnosis of malignant melanoma and perivascular epithelioid cell tumor. The negative staining for cytokeratin, RCC, and PAX8 and the computed tomography (CT) findings of bilateral normal kidneys eliminate the possibility of metastatic renal cell carcinoma.
Because of its peripheral and superficial location, our patient noticed the tumor but ignored, on account of the brief, self-resolving and paroxysmal nature, symptoms of its excessive catecholamine production. As in almost all functional paragangliomas, 19 the tumor in our patient secreted large amounts of normetanephrine and resulted in a very high serum level of normetanephrine but not metanephrine, which remains normal all the time. Such hormone production and secretion by the paraganglioma is documented by the immediate and significant drop in arterial pressure on removal of the tumor during operation together with the gradual return of the strikingly high preoperative serum normetanephrine level to normal after operation ( Figures 4D and 4E ). Our patient remains free of symptoms from excessive catecholamine secretion after the operation.
Judging from the nature of hormone production, this ulnar nerve paraganglioma belongs to the sympathetic group. Such finding is in agreement with the fact that sympathetic but not parasympathetic nerves travel together with the peripheral nerves of the upper limb to execute their role in modulating vasomotor, piloerection, and perspiration function. 20 The constellation of clinical, radiological, histopathological, ultrastructural, and biochemical features thus confirm beyond doubt that the present tumor is a bona fide functional paraganglioma most probably related to the sympathetic components of the ulnar nerve. Therefore, normal paraganglia most likely exist in the extremities and are associated with sympathetic nerves travelling together with the somatic nerves.
Even more intriguing is the hitherto undescribed association of our present case of paraganglioma with an area of extensive glomus cell hyperplasia and tumorlet formation in its surrounding fibrofatty tissue. Such a diagnosis is made on the basis of multifocal separate and well-circumscribed microscopic aggregates of perivascular glomus cells identified histomorphologically and confirmed immunohistochemically, showing focal nodule formation but absence of infiltrative pattern, distinguishing themselves from diffuse glomus tumor (glomangiomatosis). The mere phenomenon of glomus cell hyperplasia per se is extremely rare, and only 1 similar case has been described. 21 The reported patient was a 39-year-old woman presenting with a 6-year history of intermittent piercing pain in the left lower limb elicited by sudden temperature changes.
Examination disclosed 2 subcutaneous lesions in the posterior region of the left knee. The symptoms persisted despite their removal, and an MRI 1 year later revealed 3 well-circumscribed deeply situated subcutaneous lesions around the left ankle. Their histopathology shows features of multifocal glomus tumors and extensive glomus cell hyperplasia, exactly similar to our present case, except that we apply the term glomus tumorlet to the nodular aggregates of hyperplastic glomus cells.
The association of paraganglioma with glomus cell hyperplasia and tumorlet formation has never been described but may not be mere coincidence and is of remarkable interest especially in view of the recent recognition of the genetic basis for familial paraganglioma and glomus tumor. A normal glomus body as a specialized form of arteriovenous anastomosis is believed to be important in thermal regulation, modulation of peripheral vascular resistance, and tactile sensation, accounting for the induction of pain in the glomus tumor in response to temperature and pressure changes. 22 The local heat production and catecholamine secretion with subsequent vasoconstriction by the metabolically active paraganglioma may, thus, induce the adjacent glomus cell to undergo hyperplasia in an attempt to establish more shunts for heat dissipation and reduction of vascular resistance. In areas, the hyperplastic process proceeds to the degree of tumorlet formation. In addition to this postulated mechanism for the association of paraganglioma with glomus hyperplasia and tumor, it is worth noting that glomus tumors, especially multifocal and digital ones, have recently joined paraganglioma in being considered as part of the NF1 tumor spectrum. 23 Notably, a tumor showing hybrid features of glomus tumor and neurofibroma has also been lately described. 24 In this perspective, it would not be surprising that paraganglioma and glomus tumor might be closely related, as in our present case. Moreover, it is possible that in the extremities, normal paraganglia and glomus bodies might exist in close proximity and cooperate with each other for the execution of their neuroendocrine function.
This association of glomus cell hyperplasia and tumorlet formation with forearm paraganglioma also supports the postulation that the present tumor develops from a normal preexisting paraganglion rather than arising as an ectopic tumor, lending additional support to the existence of normal paraganglia in the extremities, probably in close proximity to glomus bodies. The probable explanation for the lack of previous reports of this association of paraganglioma with glomus cell hyperplasia is that surrounding soft tissue has been inadequately sampled for histopathological examination. Knowing that the tumor is highly unusual, the first author in his usual practice has embedded the entire tumor, including the surrounding fibrofatty tissue, after saving fresh frozen and appropriate samples for ultrastructural and other, later probable studies. It is only in 1 single area that the glomus cell hyperplasia and tumorlet formation are found. Short of such exhaustive sampling, this unexpected finding might have easily been missed.
Paraganglioma can be single or multifocal, which may either be synchronous or metachronous in its occurrence. It can either occur sporadically or may be caused by germline mutations notably in the SDH genes. It may also be associated with various genetic syndromes, including MEN2, NF1, VHL, Sturge-Weber, and Carney syndromes. There is no single histopathological feature that defines malignant potential. 25 Although various pathological scoring systems have been designed for such a purpose based on the cellularity, necrosis, Ki67 proliferative index, and vascular and capsular invasion as well as absence or presence and type of catecholamine secretion, none has proved to be of sufficient clinical accuracy. 25 The only absolute criterion for malignancy is the presence of metastases to sites where chromaffin tissue is not usually found. Extra-adrenal sympathetic paragangliomas according to some studies have a higher rate of malignancy, with 30% of intra-abdominal lesions falling into this category. 25 In this regard, it is worth noting that recent studies have found that SDHB-related tumors have significant malignant potential and are commonly found in the abdomen compared with SDHD and SDHC tumors that are almost always benign and commonly found in the head and neck areas. 26 In view of the negative family history of similar tumor and tumor syndromes, together with the absence of SDH gene mutation, this uniquely located solitary functional paraganglioma of the ulnar nerve in our patient with no other previously resected tumor is most probably of sporadic occurrence. It is hoped that the tumor will pursue a benign clinical course because it shows no necrosis or vascular or capsular invasion, and the Ki67 proliferative index is only 2%. The patient has been given all the information; she will be regularly followed up, and imaging screening by ultrasonography or CT scan will be offered for her family members.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.
